Sleep plays a vital role in preferentially consolidating the emotional aspects of memories at the expense of neutral background information Kensinger 2010, 2018; Bennion et al. 2015a ). This emotional memory trade-off is assessed using a scenes task, where participants study scenes consisting of either a negative (e.g., snake) or neutral (e.g., chipmunk) object on a neutral background (e.g., a forest; Payne et al. 2008a) . While this trade-off has been observed following even very brief delays (i.e., 30 min; Payne et al. 2008a) , it is magnified by an intervening period of sleep. Specifically, individuals are more likely to remember the negative aspects of scenes at the cost of forgetting the neutral aspects following a night of sleep, or even a daytime nap, compared to an equal period of daytime wakefulness (Payne et al. 2008a (Payne et al. , 2015 . Because these findings have been linked to active sleepbased processes (e.g., nocturnal REM sleep and delta activity during the nap), these studies suggest that sleep "actively" and "selectively" promotes the consolidation of information that is emotionally salient and therefore likely to be adaptive (Payne and Kensinger 2010) . Recent work suggests that tagging mechanisms operating at encoding to identify salient information (Payne and Kensinger 2018) , interact with the unique, high-frequency rhythms of sleep (e.g., theta activity during REM sleep, and the hippocampal sharp wave-ripples and sleep spindles that are embedded in slow oscillations) to selectively reactivate (Boyce et al. 2017; Feld and Born 2017) and perhaps downscale (Tononi and Cirelli 2014 ) memory representations, which may lead to preferential remembering.
Although previous studies have begun to identify potential mechanisms underlying this selective memory benefit, it remains unclear whether the selective emotional memory consolidation that occurs during the nocturnal period is specifically related to processes that are unique to sleep. To date, few studies have investigated whether the emotional memory benefit can be observed after a similar time period (i.e., overnight), but in the absence of sleep. If such a benefit can be observed in the absence of sleep, this would suggest that it can be modulated by other, non-sleeprelated, processes (e.g., circadian factors, stress-related factors, and/or mood-congruent context effects). Some studies suggest this might be the case. For example, Sterpenich et al. (2007) reported data suggesting memory for negative, but not positive or neutral, stimuli was still intact following a night of total sleep deprivation and comparable to memory performance following a night of sleep. Alternatively, if the emotional memory benefit is not observed in the absence of sleep, it would further support the idea that sleep-related processes specifically modulate this effect. For example, Wagner et al. (2001) demonstrated that emotional memories were preferentially consolidated following a 3-h period of late night, REM-rich sleep, as compared to an equal period of late night wakefulness, and Payne et al. (2012) showed that the emotional memory benefit in the trade-off task correlated positively with time spent in REM sleep. According to these findings, the nocturnal consolidation of emotional memories is sleepspecific (and possibly REM-sleep specific). In the present study, we build on these findings by comparing the relative impact of a full night of sleep and a full night of wakefulness on the magnification of the emotional memory trade-off effect (i.e., the selective consolidation of negative objects). A between groups experimental design was used to evaluate the extent to which there was a difference between conditions (sleep versus deprivation) in the selective consolidation of emotional memories. We hypothesized that there would be a greater emotional memory trade-off in the sleep condition, as compared to the sleep deprivation condition (i.e., the memory trade-off is sleep-specific).
Participants included 39 young adults (20 females; M age = 22.6, SD age = 3.1). While the majority of participants in the final sample identified as Caucasian (56.4%), the overall composition of the sample was racially diverse. Additional details regarding the participants and other aspects of this study can be reviewed elsewhere (e.g., exclusion criteria, withdrawal rates, exact racial distribution, and other outcome variables; Vargas and Lopez-Duran 2017) . In brief, each participant was invited to complete an in-laboratory baseline evaluation (see Fig. 1 for Study Protocol). Specifically, they completed a series of online questionnaires about their sleep habits, mood, and stress. The self-report measures assessed: demographic and lifestyle information (e.g., habitual caffeine use, alcohol use), general sleep patterns (Pittsburgh Sleep Quality Index; Buysse et al. 1989) , daytime sleepiness (Epworth Sleepiness Scale; Johns 1991), chronobiological preference (Morningness-Eveningness Questionnaire; Horne and Ostberg 1975) , insomnia symptoms (Insomnia Severity Index; Morin 1993), depressive symptoms (Patient Health Questionnaire; Kroenke et al. 2001) , anxiety and worry (Generalized Anxiety Disorder Screener; Spitzer et al. 2006) , and perceived stress (Perceived Stress Scale; Cohen et al. 1983) . At the conclusion of the baseline visit, participants were given an actigraphy device (Actiwatch 2, Philips Respironics) and instructed to wear it during the subsequent week as a means of assessing habitual sleep patterns.
Participants returned to the laboratory ∼1 wk after the baseline laboratory visit (Fig. 1) . All participants stayed in the laboratory during two consecutive weekend nights. Beginning at 12:00 A.M., participants were instructed to be in bed with the lights off (lights out). The first night (adaptation night) served to familiarize participants with sleeping in a novel environment. They were asked to get out of bed immediately after awakening (lights on); however, any participants still sleeping at 8:00 a.m. were awoken by the research staff. The encoding portion of the memory task was completed on the second night (experimental night). Participants were randomly assigned to either the total sleep deprivation (TSD; n = 20) or sleep condition (n = 19). Participants were blind to their group assignment prior to the experimental night. During the experimental night, participants assigned to the sleep condition were given another 8-h sleep opportunity. Participants assigned to the TSD condition underwent a night of sleep deprivation (approximately 26 consecutive hours awake). The recognition portion of the memory task was completed the next morning (10:00 a.m.). Participants also completed self-report measures of sleepiness (Stanford Sleepiness Scale; Hoddes et al. 1973 ) and positive and negative affect that morning (Positive and Negative Affect Scale; Watson et al. 1988 ).
The memory trade-off task (Kensinger et al. 2006 (Kensinger et al. , 2007 consisted of either a negative (e.g., a crashed car) or neutral object (e.g., an intact car) on a plausible neutral background scene (e.g., a street). For each of 64 scenes (e.g., a car on a street), eight different versions were created by placing each of two similar neutral objects (e.g., two images of a car) and each of two related negative objects (e.g., two images of a crashed car) on each of two neutral backgrounds (e.g., two images of a street). An additional 32 scenes served as "new" items on a recognition memory test. The scenes task was administered using E-Prime 2.0 software (Psychology Software Tools) on an IBM-compatible computer and the images were presented on a 17-inch Dell computer monitor. During the encoding session (between 10:00-11:00 p.m. on the experimental night), participants viewed a set of 64 scenes (32 with a neutral object and 32 with a negative object, all on neutral backgrounds) for 5 sec each, and then indicated on a seven-point scale whether they would approach or move away from the scene if they encountered it in real life. The studied version of each scene (of the eight possible versions) was counterbalanced across participants. In the selfpaced recognition task, which occurred at 10:00 a.m. the next morning, participants viewed objects and backgrounds, presented separately and one at a time. This memory test used a combination of items that were either identical (i.e., the exact same objects and backgrounds seen at encoding) or, alternatively, similar but nonidentical (e.g., a picture of a snake highly similar to the snake seen at encoding) to studied items. Participants either saw the identical or similar version of a particular item at test, never both, and were asked to indicate whether each item was the same as the one seen previously, similar (but not identical) to the one seen previously, or entirely new. Items included in the recognition test were: 32 identical objects, 32 similar objects, and 32 new objects (16 negative and 16 neutral, each), as well as 32 identical backgrounds, 32 similar backgrounds (16 previously shown with a negative item and 16 with a neutral item, each), and 32 new backgrounds.
As in the original studies by Payne and Kensinger (e.g., Kensinger et al. 2007; Payne et al. 2008a) , an overall recognition score for each valence and scene type was calculated by taking the proportion of both "same" and "similar" responses to "same" items. As a preliminary step, the association between each relevant covariate (e.g., perceived stress, habitual sleep patterns) and mean recognition scores was assessed in order to determine which covariates should be included in the final analyses. We next conducted a 2 (condition: sleep, TSD) × 2 (valence: negative, neutral) × 2 (scene component: object, background) mixed analysis of variance (SPSS MIXED) on mean recognition scores. Condition, valence and scene component were entered as fixed effects, whereas only valence and scene component were entered into the model as repeated effects. The MIXED procedure is commonly used when analyzing mixed-effects and/or repeated measures ANOVA and can replicate a GLM procedure when no random effect is included. We used the MIXED procedure instead of GLM because it allows for the analysis of incomplete data (subject-wise deletion) as well as for the specification of the covariance structure (Littell et al. 1998) . In the present study, mean recognition scores were organized by each combination of valence and scene type (i.e., 2 valence types × 2 scene types = 4 mean recognition scores), and because within-subject recognition scores are likely correlated, the models can be more precise if within-subject covariance is accounted for. In addition to this, Bayesian statistics were computed using the summary statistics module in JASP as an alternative way to quantify the degree to which that the data is a better fit to the alternative hypothesis as compared to the null hypothesis (Ly et al. 2018) . To stay consistent with the original study by Payne et al. (2008a) , because the false alarm rate ("same" or "similar" responses to new items) was low (<5% for "same" responses to new items and <20% for "similar" responses to new items), and importantly, did not differ between conditions (all Ps > 0.60), we used uncorrected recognition scores in our primary analyses. The 
unadjusted effects, however, were also computed using the corrected recognition scores and are reported below. Finally, trade-off scores were calculated by subtracting the memory score for the associated backgrounds from the memory score of the objects (e.g., proportion recognized for negative objects minus proportion recognized for backgrounds on which negative items were presented). These trade-off scores assess the magnitude of the difference between object and background memory (Payne et al. 2015) .
Although randomization procedures were used, participants in the TSD condition reported greater perceived stress (PSS) and lower average total sleep time (TST; assessed via actigraphy) during the baseline week. There were no group differences on any other measure (see Table 1 for all estimates). Follow-up analyses were conducted to evaluate the unadjusted effect (i.e., condition and the interaction with condition were not entered as fixed effects) of PSS and TST on memory. There were no statistically significant associations between PSS or TST and mean recognition scores and thus were not included in the subsequent models, PSS, F (1,149) = 0.052, P = 0.82, PSS × scene component, F (1,149) = 0.50, P = 0.48, PSS × valence, F (1,149) = 0.34, P = 0.56, three-way interaction, F (1,149) = 0.08, P = 0.78, TST, F (1,123) = 2.43, P = 0.12, TST × scene component, F (1,123) = 0.95, P = 0.33, TST × valence, F (1,123) = 3.74, P = 0.06, threeway interaction, F (1,123) = 0.002, P = 0.97. Relative to participants in the sleep condition, participants in the TSD condition also reported greater subjective sleepiness, greater negative affect, and lower positive affect in the morning (see Table 2 ). As with PSS and TST, unadjusted analyses were conducted to assess the association between sleepiness/affect and recognition scores. Greater self-reported sleepiness was associated with a lower overall recognition score, F (1,142) = 17.36, P < 0.001), whereas greater positive affect was associated with a higher overall recognition score, F (1,142) = 10.36, P < 0.01, irrespective of valence or scene component. All other effects were nonsignificant.
The final unadjusted model included condition, scene component, and valence (and their interactions) as fixed effects, whereas the adjusted models included sleepiness and positive affect as covariates (see Table 3 ). According to the unadjusted model, there was a significant effect of condition and scene component but not 8 That is, participants in the TSD condition, compared to those in the sleep condition, had lower overall recognition rates, irrespective of valence or scene component, and participants, across both conditions, were more likely to remember objects relative to background images (see Table 3 for all model estimates). There was also a significant two-way interaction between valence and scene component (Fig. 2) . Specifically, for objects, there was a difference in recognition rates by valence, such that negative objects were better remembered compared to neutral objects. The three-way interaction was not statistically significant, indicating that the emotional memory trade-off was not specific to sleep. Moreover, the magnitude of the difference between object and background memory (i.e., trade-off effect) was also assessed in both groups. The magnitude of the trade-off effect in the TSD condition, M = 0.27, was not significantly different from the magnitude of the effect in the sleep condition, M = 0.21, F (1,73) = 1.07, P = 0.31, suggesting that a period of nocturnal wakefulness, and/or factors associated with acute sleep deprivation, produces the same selective memory benefit for negative components of scenes as a night of sleep.
While, in general, the results remained mostly unchanged when the main effects of self-reported positive affect and sleepiness were entered into the model, the main effect of condition on overall memory was no longer statistically significant (Table 3 ). In addition, correcting for false alarms did not meaningfully change the results. Corrected recognition scores were computed by subtracting the combined false alarm rate (proportion of "same" and "similar" responses to "new" stimuli) from the uncorrected overall recognition score (proportion of both "same" and "similar" responses to "same" items). The unadjusted model with corrected recognition scores entered as the dependent variable also showed a main effect of condition, F (1,154) = 4.88, P = 0.03 and a significant valence by scene component interaction across conditions, F (1,154) = 6.43, P = 0.01. All other effects in this model were nonsignificant, scene component, F (1,154) = 0.001, P = >0.20, valence, F (1,154) = 0.07, P = >0.20, scene component × condition, F (1,154) = 0.0003, P = >0.20, valence × condition, F (1,154) = 0.06, P = >0.20, three-way interaction, F (1,154) = 0.11, P = >0.20.
Our findings suggest that negative objects, relative to neutral objects and backgrounds, are preferentially consolidated into memory following an intervening period of nocturnal sleep or nocturnal wakefulness/sleep deprivation. This is consistent with past studies showing that humans generally show preferential consolidation of negative aspects of scenes compared to the neutral, background aspects (Kensinger et al. 2007 ). The emotional memory trade-off, however, was not greater in magnitude in the sleep condition compared to the deprivation condition. This is in contrast to the many studies that show preferential emotional memory consolidation during nocturnal sleep compared to daytime wakefulness (e.g., Hu et al. 2006; Payne et al. 2008a) . Furthermore, despite the overall decrease in recognition rates for the TSD condition, the recognition rates for negative objects was relatively unaffected, which highlights the robustness of memory for emotional aspects of scenes. This finding is in line with previous research showing that memory for negative stimuli is particularly resilient to the otherwise deleterious effect of sleep deprivation on memory (Atienza and Cantero 2008; Tempesta et al. 2015) .
While the precise explanation for these findings is uncertain, there are at least three potential explanations regarding why the emotional memory trade-off was observed in both conditions: (1) mood congruent context effects, (2) circadian effects, and (3) sleep deprivation induced stress/cortisol effects. With respect to mood-congruent context effects, it is possible that participants in the TSD condition more accurately recognized stimuli that were consistent with their affective state, in this case, the negative objects (Blaney 1986) . As shown here and in previous studies (Pilcher et al. 1996; Scott et al. 2006) , sleep deprivation is associated with greater levels of negative affect and a greater tendency to rate images as more negative (Tempesta et al. 2015) . With respect to circadian effects, Payne et al. (2015) previously showed that the emotional memory trade-off was also observed following an afternoon nap relative to closely matched periods of daytime wakefulness, which helps rule out circadian factors as a major contributor to the effect. It is possible, however, that the circadian effects on emotional memory extend beyond the memory processes that are utilized in the short-term (i.e., 30 min daytime nap), and only affect Bayes factors were also computed using the summary statistics module in JASP; greater values indicating more evidence for the alternative hypothesis and lower values indicating more evidence for the null hypothesis (Ly et al. 2018) . Figure 2 . Mean overall recognition scores by valence and scene type for both conditions. Overall recognition is the proportion of both "same" and "similar" responses to "same" items. Error bars represent the 95% confidence interval. 8 As a matter of protocol, the memory variable was also separated into specific and general recognition memory for each scene component. A response was scored as specific recognition of visual details when a participant correctly responded ''same'' to a "same" item, and as general recognition without specific details when a participant responded ''similar'' to a "same" item. The results were similar to overall recognition. For this reason and because this publication is a brief communication, these data were omitted and are available upon request.
those utilized in long-term consolidation (i.e., overnight). Additionally, there may be something about the "middle of the night" that enhances long-term memory consolidation (e.g., increases in cortisol at night), regardless of whether one is sleeping during that time (Van Marle et al. 2013; Bennion et al. 2015b) . With respect to sleep-deprivation-related stress, it is possible the selective consolidation of emotional stimuli can also be modulated by acute stress/cortisol release. Prior research evaluating the effect of sleep on emotional memory consolidation has primarily utilized daytime wakefulness as the comparison group (e.g., Payne et al. 2008a Payne et al. , 2012 ). An important distinction between a daytime wakefulness condition and a nighttime wakefulness condition is that nighttime wakefulness (as operationalized in the present study) included acute sleep deprivation, which likely elicits a cognitive and/ or physiological stress response (Leproult et al. 1997; Vargas and Lopez-Duran 2017) . A stress response can also enhance memory encoding and consolidation (Nadel et al. 2002; Lupien et al. 2007 ), particularly of negative stimuli (Payne et al. 2007; Cunningham et al. 2018) , and therefore, a sleep-deprivation-induced stress response may potentially explain why the selective consolidation of emotional memories was observed following TSD.
These findings should be considered in the context of a number of study limitations. For example, it is important to consider that acute sleep deprivation (i.e., one night of complete nocturnal wakefulness) has limited ecological validity, and is associated with a number of post-deprivation effects that are not directly observed following an equivalent period of daytime wakefulness (e.g., changes in stress reactivity, autonomic functioning, and mood; Meerlo et al. 2008) . These post-deprivation effects may markedly contribute to emotional memories being preferentially consolidated (as opposed to naturally occurring circadian effects), and thus, should be the focus of future research. Moreover, this study represents data from a relatively small sample, predominantly composed of highly educated young adults, and therefore, limits generalizability. While not necessarily a limitation, it is important to highlight that our definition of overall recognition included "similar" responses to stimuli that were previously seen. We chose to report information from this most lenient memory measure as opposed to specific recognition (correct responses were only those in which the participant responded "same" to a "same" item). A central component of the emotional memory trade-off is that emotionally valenced stimuli enhance memory for the general aspects of the stimuli, also known as "gist" memory (Kensinger et al. 2007; Payne et al. 2008b) . This has been shown to be especially true when the stimulus is a complex scene (Kensinger et al. 2006) . In order to assess the impact of sleep or sleep deprivation on the emotional memory trade-off, it is important to consider and/or allow for the possibility that only general aspects of the objects are encoded/consolidated into memory.
In summary, while our study replicated the emotional memory trade-off observed in previous experiments (Payne et al. 2008a; Kensinger 2010, 2018; Bennion et al. 2015a ), it was not specific to participants in the sleep condition. Similar recognition rates for negative objects were observed among acutely sleepdeprived participants, suggesting that the selective consolidation of emotional memories may not necessarily be sleep dependent, and that there may be multiple pathways by which emotional memories are preferentially consolidated at night.
